A new sensitive chromogenic reagent, 2-[(5-nitro-2-pyridyl)azo]-5-dimethylaminobenzoic acid (5-N02-PAMB), was synthesized and applied to the determination of nickel in aqueous solutions. This sensitive chromogenic reagent has a molar absorptivity (E) of 1.64X 1051 mol-' cm-1 to nickel, and has excellent solubility in water. The reaction requires no heat or organic solvent. The reagent can react immediately with nickel at room temperature to form a blue complex with maximum wavelength of 631.2 nm. The concentration of the linear range was 0.008 -0.88 µg/ ml . Using this new reagent to determine nickel in a low-alloy steel sample, we obtained satisfactory results.
Pyridylazo derivations are widely used to investigate chromogenic reagents. Furukawa et a1.1 have reported that 2-[2-(3,5-dibromopyridyl)azo]-5-dimethylaminobenzoic acid is an analytical reagent which is useful for determining nickel, by extracting the complex from CHC13; the molar absorptivity (E) is 1.5X1051 mol-1 cm 1. The reagent and complex, however, are almost insoluble in water, the organic solvent is harmful to health, and the procedure is difficult.
We have systematically investigated the effects of various kinds of substituents on the pyridylazo reagents. We found that if -NO2, which is a strong electron attracting group, is linked to pyridine on C-5 it can enlarge the mobility of the electron cloud and increase the cross-sectional area of the molecule in a conjugated system of the reagent. This results in a bathochromic effect, making it more sensitive to a chromogenic reaction.
In this study, we synthesized a new pyridylazo reagent, 2-[(5-nitro-2-pyridyl)azo]-5-dimethylaminobenzoic acid (5-N02-PAMB). Both the reagent and its complexes have excellent solubility in water; the molar absorptivity to nickel is 1.64X 1051 mol-1 cm 1 at 631.2 nm. No toxic organic solvent is needed. The concentration of the linear range was 0.008 -0.88 µg/ ml for Nit. It wa satisfactory to determine Ni2+ in a low-alloy steel by this reagent. It should be noted that 5-N02-PAMB also has good chromatographic characteristics. We plan to report the results for separating platinum group ions on HPLC in another paper.
Experimental
Apparatus and reagents UV-3000 spectrophotometer (Shimadzu, Japan), Rachi-25 acidimeter (Shanghai Anal. Co.). Model PE-580B IR spectrometer (England). Model MOD-1106 CHN elemental analyzer (Calorba, Italy).
A standard solution of nickel was prepared from "Spec Pure" metal by dissolving in 1:1 nitric acid, diluted to 1 1 with distilled water; a 10 µg/ ml solution was finally used.
Buffer solutions: the pH was adjusted as required with 1 M sodium acetate-1 M acetic acid on acidimeter.
The reagent solution was prepared by dissolving 5-N02-PAMB in distilled water; a 0.05% solution was used.
Procedure
Transfer an aliquot of a slightly acidic sample solution containing 5 -10 µg of nickel, or other ions, to a 25 ml flask. Add 5.0 ml of an acetate buffer (pH 5.5) and 2.0 ml of 0.05% 5-N02-PAMB. Dilute to the mark with distilled water. Measure the absorbance at 631.2 nm in a 1 cm cell against a reagent blank carried through the same procedure.
Synthesis and characterization of 5-N02-PAMB 5-N02-2-Aminopyridine was prepared according to ref. 2. The diazonium salt of 5-N02-2-aminopyridine was prepared using 5-N02-2-aminopyridine and butyl nitrite in an alcohol sodium solution. Then, 7.0 g of diazonium salt and 9.0 g of dimethylaminobenzoic acid were mixed in 20 ml of 95% ethanol and 100 ml of methanol below 0° C. This mixture was placed into an ice-salt bath through which CO2 was passed for 5 d; It was then filtered. The obtained purple precipitate was recrys- (Elemental analysis: C14H13N504 required 53.3% C, 4.1 % H, 22.2% N; Found 52.8% C, 4.1 % H, 21.8% N). It was found that 5-NO2-PAMB has excellent solubility in water; it can also be dissolved in methanol, but is insoluble in ether, chloroform, acetone, benzene, etc. The IR spectrum of 5-N02-PAMB is shown in Fig. 1 . The colors and absorption maxima of 5-N02-PAMB changed with the acidity of the aqueous solution (Fig.  2, Table 1 ). In a strong acidic solution the absorption maxima of 5-N02-PAMB had a blue shift and yellowishbrown precipitates appeared. In a weak acidic, neutral and basic solutions, its ~max was stable and the aqueous solutions had a purplish-red color. Results and Discussion
Absorption spectra of complex We investigated reactions of 5-N02-PAMB with 36 kinds of metal ions in weak acidic, neutral and basic solutions. It was found that Cue, Cot, Nit, Cd2+, Pd2+ and Zn2+ could react with 5-N02-PAMB to form color complexes, as shown in Table 2 . Among them, the Ni-5-N02-PAMB complex has high sensitivity, its molar absorptivity (e) being as high as 1.64X 1051 mol-1 cm-1. The sensitivity of 5-N02-PAMB for the determination is compared with other typical reagents in Table 3 . From Optimal conditions for nickel determination Adding 5-N02-PAMB to a solution containing nickel caused an immediate formation of a blue complex; 631.2 nm was indicated as the maximum absorption wavelength (Fig. 3) . The effect of pH on the absorbance is shown in Fig. 4 . Since the absorbance remained unchanged over the pH range 5.0 -8.0, all determinations were carried out at pH 5.5. The Table  1 absorbance was at the peak and unchanged while the acetate buffer was 2.0 ml or more (Fig. 5) . A 5.0 ml buffer (pH 5.5) was therefore used. Figure 6 shows that 1.5 ml of 0.05% 5-N02-PAMB is sufficient for a solution containing 5.0 tg of nickel. We chose 2.0 ml of 0.05% 5-N02-PAMB in the following experiment. The chromogenic reaction was very fast at room temperature and the complex was stable for at least 48 h, even after being heated in boiling water for 1 h. Table 2 The chromogenic reaction of 5-N02-PAMB with metal ions Table 3 Sensitivity of some typical reagents for nickel a.
b.
c.
Extraction-photometry. The effect of pH on absorbance. Experimental condiNi2+ 5.0 µg/25 ml, 0.05% 5-N02-PAMB 2.0 ml. The empirical formula of the complex was studied by the continuous variation and mole ratio methods as shown in Figs. 7(a),(b) . The results showed that a ratio of 1: 3 for nickel : reagent complex was formed under the chosen conditions. That the sensitivity of Ni-5-N02-PAMB was higher than that of Ni-2-[2-(3,5-dibromopyridyl)azo]-5-dimethylaminobenzoic acid (Ni-3,5-DiBr-PAMB) may be due to the fact that the ratio of Ni : 5-N02-PAMB was higher than that of Ni : 3,5-DiBr-PAMB. The higher was the ratio, the higher was the sensitivity. An electrophoretic analysis showed that the Ni-5-N02-PAMB complex carried a negative charge, agreeing with the results from an empirical formula experiment. The concentration of the linear range was 0.008-0.88 µg/ ml for 2.0 ml chromogenic reagent.
Effect of foreign ions
The effect of foreign ions was studied by adding various amounts of other ions in 5.0 µg of nickel. The allowance of foreign ions is shown in Table 4 .
Steel sample analysis
Twelve milliliters of hydrochloric acid, 4 ml of nitric acid and 2 ml of perchloric acid were poured into a 0.1-0.5 g steel sample, and then heated slightly until white smoke appeared. The solution was then cooled to room temperature and water was added to dissolve any salts; it was then washed in a 100 ml flask. Analysis of the sample was made according to ref. 7 . The absorbance of Ni-5-N02-PAMB was then determined against a reagent blank carrying the same procedure.
The results were found on the calibration curve (Table 5) . for- Table 4 The effect of foreign ions on the determination of nickel (Ni2+ 5.0 µg) a. Not the maximum. Table 5 The results of sample analysis Reference
